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(57) Abstract: 



PURPOSE: A method for fabricating a buried 
channel PMOS transistor having an elevated channel 
formed by using epitaxy technology is provided to 
obtain a desired threshold voltage in a long channel 
and to improve degradation in a short channel. 

CONSTITUTION: To form a PMOS transistor, an n- 
well(13) is formed in a silicon substrateO 1 ) having 
an isolation layer(12). After a cleaning process for 
removing a native oxide film, an epitaxial layer(14) 
into which boron ions are selectively doped is 
formed on the substrateO 1 ). Particularly, indium ions having a higher atomic weight and a lower diffusion 
rate are then implanted into the boron-doped epitaxial layer(14), and thus a boron-indium -doped epitaxial 
layer(140) is formed. The indium ions are also doped at a surface of the substrateO 1 ). Then, a stacked 
pattern, composed of a gate oxide(15), a gate electrodeO 6) and a mask insulating layer(17), is formed 
on the boron-indium-doped epitaxial layer(140). After that, a gate spacer(18) and a source/drain region 
(19) are formed, and a channel epitaxial layer(140a) is defined under the gate electrodeO 6). 
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The present invention relates to a method for fabricating a transistor in a 
semiconductor device. A channel region of the transistor is defined by forming a 
silicon epitaxial layer. Because of a low concentration of impurities, adequate levels of 
transconductance and mobility are obtained. Thus, it is possible to prevent occurrence 
of a short channel effect and stabilize a threshold voltage. These effects further 
provide an advantage in improving device reliability and realizing a large scale of 
integration. 
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m?hxi^ei as anon sti- aom. 



gHKgjSg, tHSIE XH^ PMOS M?HX|^E1°J Sjg *5AI?I7I £ISH CHIEI 71 eg Olg&Kfl ^ 

eihiioieie tmm e)-£M g?H7a>;E^f ^gan siq. 

£la LHKI E ic= §EH ttEft i&Jfef 'MH'WiH HI 5 &Bg gSSI?l ?lt? ±XF°J B3E0ICK 

i'if ' -l^lraj -SEI'S 5i5Ki)OI : g£|Sf(2)g SSSHi, PMOS SSjXI^EIg ^£5^1 ?|S8 
N-l (3)S ^S^EK 

£ 1bg Oil ill ££I5? g£K selective epi-si I icon growth; SE6) gg^S 

PiSNfi )oi!&^a: am; gas siss : slsoi es a oiiffis(4)g tsgsja. <hieis(4)£-wi tiioim e+a 
4(5j/?iioie s=(6) a o^a aastf-7)0i aits ne» 




Sstf bfSf #01. ?j#S|. ; mi : £lS ; ili (HIEIs(4a)g 7H0IM £+&S«5) tJSAI ME\S 

2J i£g £n?5E£, im 0i|Els(4a)O| 2f 30AO|# iEflOl, 0l§P°t OH-IEJ TilOlM £+&et(5) 

£ £¥0I Wi»zm EIE5A1 >;?||0) (square) .ESfW ES iSiiUKProf i le)0| 71101 

I ^&^(5)2« ?iis(Hi>y sretsi>ii agEi-x ga. nscia ois 91*1, onm*(4)°i ^mm ^2 

SgslwFsifioi mei 11 £e! iia-oiaas seiti aa, 0101 ir sraa 901 
stJ-¥ §gg 9io«: ss ses oi ! #: g^wi bjeai ssa= d^sMoid §°j ^§ itf^^i 

WAT MS2J:':SS!:.S^I • S%h>D i&SsrXI EIES £M HU£ EltH^: JH£ E2h § 4 

aisj se< sa(vt) «i£g Saxi?i^ *!^-oj $Eaxi>ii ah saigoi tasw so. 



&30I OtWZJmi? 3im*? Jf* 

ttlEhAi; g WSS mSIS XHy(buried channel) PMOS J=!HX|^E1S| 5jg □ «rSAI?|7| 9|5» 

(HIERAl (epitaxy) 7|#g OlgShO) iElWlOIElE iH^ (elevated channel)! «S1T UH, Oil ills «S 01 

iw silioi fa^^i^s ei§(indiun)g ois ?a*roi minis a tvE*xw ssai?i 

H; SFSSAN, iWHIA| §!ol= 2a (Vt)g gf «Er OI-LIEL ii iHaO||A1°| HI3EHaiO| 

d(degradat ion)E 7Hi!& 4= $m : WUi &m-mii±& MS. ifgi 3 §^01 2iQ. 




agsiOl !@§ 9?4IJ S 4^1 JllOlM S^OI £tJ£! MSHJ S==(HI TflOlM ±iHIO|A|g 

A|5|^ BTflg 5t^K)) Ol^OIAIfe 2l# ICK 



G|SK : .S ggg *J=*S! : £Bi #2t|-bl 4^l§l ^ gSPI S tfD. 

s 2ag mzzm, M&w jiMuw &n mei^(12)1 tJ£sm, pmos MS!xi^Eig z\n n- 

iaajS S^te. SS^S »@ ^SrStCnatlve oxide fjh»)g fll?l^ f. ' ShAlS ESS 
*iejX{ ; Oj|E| SS(in^sity boron doped selective epi-silicon growth; SE6) £!EI? ^1 

sdDOl ic-S'a ^%KNi& Mfcorsas (Hims(i4)# ^sti-cK 

^lOflJd, N-1(13)S 1E13 LHXI 3E13ions/c«a E?^2J 5^5E1 ^(phosporous)f 800 LHXI 1200Keye| 
OIS 4£J WLihd. OIS ^at^ *WI tfSSCfumaceWIAI Sf 950*c2| SEOIIAI ^ 30M §E §^EIo^ 
01 ESS! S«1FA|?1 

«l§ SSS e!±-AIH(ex-situ) AilS Sg2l OIIII ^El= Sdl UiNAI StSSr^ °!-AI^(in-situ) AH§ 
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SS#: 2JA-AIH Aflg I§2 RCA lE|yO|U UV MEiy^ HF 2S21 ^A|*l 

5 ei-Ai s A-u s i (hi nii ( i *m ilspi soil i i lhxi seh boo lhai 900x21 o-khesls! 

BUDia (hydrogen bake)S g AIS KM £+£Rr &Alt^Q. 

AiBHSt: bilEI 4'EIE I2SS5r^|^e*fg(UHVCVD)0m ^grtl-*^l^§sfB(LPCVD)»g det! 

fcojl ^si# iesoi br.m& ^•wMsr a^oi ess (hiei#(14)oi icq lhai 5ooa°j ^jjiis 

SsIsM SAI&^ai. 0\W ES 3E12 LHAI lEMions/atfOIQ. 2B1SJ (HIEI £EI£ ss s§s 

30?fcclrS °HCli 30 LHAI 200 sccmik 5HX Eli *I*B BA§ 100 LHAI 300sccm SE 
•SE^bl. : ojll|2J : S#f ! eWS 1 : 0 LHAI 50 torr §ES *KH. S*r £E= 750 LHAI 950*c£ *H>. 
giht,0|SS*fg2J S?, SSJ SiHiLi Si^rUS A*«HX eg ESS BAM 100 LHAI 

300sccm §£ ** *aSD1l OIIUS4 S*T HilS 1 torr 01 5!° S 5h3, S«r £E£ 600 LHAI 700*c0fl 
Ai ^AltlCK 

E 2bp Sf2Si-3, fifeOI ESS! DiliB#(14)(HI 2!h OIS# ?S*l-OI fiS-°jMO| EDS (HIEI#(140)g 
#9I(HIAI, MS-oisoi ESS (HIEI#(140)£ 1E12 LHAI 5E13ions/W2| E^*2| = g 10 LHAI 40KeV2| 

i 2cg SSSrS/ Sg-oj§0| ESS <HIIIi§(140)£HHI TilOlM i+5h2f(15), ?ilO|E 2^(16) S Dh±3 
17)01 Sj#@ leg SStiCr. 

lapPofa dW&kk&mm ' ssms sf«s r Ai?pi siti i^at £aiskh, ±2±/Eai 
oi *rsH*'(i9)s ^gem, nam B^(i6) oi-ehous aE-ejeoi ess xia (Hiu.i#(i4ua)oi 

2}§ (define)^. 

*a^Sa^:94f*(M^. DIS ESMM BF 2 3fS BFj/B 2| Stf OIS^S 

21 SEH S SHS, BF£J 2^ 1 El 5 LHAI 3E15ions/crtf2| E^^S 10 LHAI 40KeV2| (HIUAIS SSSKS, B2| 
3° 1E15 LHAI 3E15ions/W°l S?25 1 LHAI 5KeV2| WIUAIS SSttCh 

^*|EI^ &€S(furhace) 1*1 EIU 3^ g&aXRTA)S -flAICD. H J§5 S*E|2| 2^ N. M9PKHIAI 
800. LHAI SGOacSI SEMAI 10 LHAI 30!3f2r ^*IE|2| N» ^S NH, S^IOilAI 900 
LHAI 1050-C2I SEfHIAl 1 LHAI 30^Zt ^AI*^Cr= £S ^E^ 49 30 LHAI 200rS ^AIthD= 

inwha 4'AI()1IS 51^21 (HI El xH fig A r g5|-= bflSIE ilia PMOS MgHAI^EI Ail2E THd 

f & S 5 S/ 711 Oik iitrei ^« S! II SSAI ^71 9|8| (Hlu|# 

nuAisLiii 3joiQ. 2Jh= OlOl xlty (HUPr ^§E|AI Sf^ g^ej (conventional) ^(H A1 5*§oBB 1 

OISSK jneomplete ionizaion) "a^if . 339 §5HE(sol id solubi 1 1 ty)7h L DH^ _,£0[- SEI 5M 
S«E|W10ld3(adtivation)a ^EHS SXBSfe 2,^ OH^ 0\QmU. IWiM. HJeSI ife PMOSfl SR 

t^KHIAI illl+^01 ^ KOI &E SHUMAISI 7H^s! *Sl*ISS Oil £^KM MStT 

2°, DH^ Ell*! 2! iAK^Sg ^ 2131 3D. 

E ^i ^> ^i^fAi ^swai ga-al> oissi- s st-n esnE7t oh^ sisb bf. Eg 
* is'^m -uitii i'ii aaoi i^OrAidM, mm. eis eb°i as xbss aa 

M-2=(Vt rddl-df f) S^OI BF^ B|$D JHSliS SOI^Il SID. 

E 3b= E 3a(HlA| 2!§ E8°l S^Ofl CH# 115 B t«a(long channel)(HIA| BFJOJ tJISB 3711 SfSrS 
2= #S ^#(dH leakage current) %30| 4M X|.yO|A|& BF s £h 7\°X ^S l^M e°l[fl. 01= S 

awto4-s"i ass bf^ ui*§ct ^ch was sigAi 7Han 4m nu sag si ^ 2ie# 



sam sit 

ikv&iim Bi3i/s irs'-s -a'aisi win ^Eie ^ia# a^okm ^ ^ei^ a oi^tm 
'tisi* affion : sr= ^is ei-Ai^ as ess (H1iei§s -assis, ihiei= ss-oi^ihi SA^^ol S3 

8WHSl«i)iOlfeW S§ Piffle S Se^WI M5AI5I7U *hHS«l. * :4 r ■ 

isiAp"iAhiS «s ois ^sofl °)sH.*«s as a^smi tm asoi ssieilh ^Ai-fi eiuj 
(vt)gi oias sni a£!*i-3 PHdtioi o.i3/.nOi^2i ±akhiai mt= agrs |=a2OT 

WmSt mJSt. I#Mi<HIA?2| Q||3Eiai0li3(degradatlon)E 7Hd^" ^ 2i= 2li 21 4= SiQ. 
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(5Tf S+HI S4t 
1 

fe'E| 5: 715011 :±7b geftm SSt? N-li SSo r = 

MIS i§S ^A|#S, #71 4'EI£ 71501 itSS ¥910115 gajSj^S sgoi ess oyni#i 

S:7l :£Hlilg(Hl :.§!fij ; OI'g* ^gJSW Sg-2!SQI ESS OMDgS ^3«r= EPB: 

#-7| fiMiojgoi £ g S (HjE|#feK)i| : ^0|M #5hSf, TflOIS g= g 0^3 5J#S IHSS § 

Mdie fcaor'saas 1121 gmtiii JiidiM ^hioiaim i^/Eetiej oig ?a s§ 

vts&M ste gffitt •* jflffS msjai^ei his 

2 

:4jdi 'M-#S 1E13LHXI 3E13iens/arf°| E^°j S*SE^1 800 LH M 120CKeV°| 012 2*g| OflUXIS 01 
« S^i%6| °f 950-G2I SEOfAl 2f m §5 BSEI8KM E5MM IrSfhAI?) 

3s ¥S® M Stfe fij-Ea i»HJ MS!AI^E1 32 -»B . 

g??r3 

si r t^ofl siOiAi. 

#71 WIS S§2 e}ii:-AI^ AflS g§2h O)ini ^EIS §HI LHOflAI BtfSfe °i-A|^ «§ £A| 

efe as *n of= : ms.w & afei mshw^ei hi£ &s . 



HI 3 tJ-Ofl SlGHAI, 

#71 ej^AI?? Afl§ 38&RCA gEiyOILI- UV gEia^ HF SS°I Sil£S sA|«r= as 
g ; Sfe SiEHI iXhSJ MUXI^a BIS 1HS". 

ts^ir s 

SI 3 tHHI; -210N& 

#7l ; oi-A|e HISS #7| filoi ESS iHlttiftg S^SPI SO* 1 t-HAI 5g §5 800 LHAI 900*c°| H 

Ol&^Wiml^m E^®Ms ®mt= ag Sr= SIEHI M!HA|^E1 HI2L 

6 

3511 1 *HM SiOiAl, 

#71 SgQI ESS Mm fS jg 8SW7l#gstg OIU 7asrf|*r7l#g=ras 3go}01 2.1-AIS Mg E 
Seflfi^ WIEI^Ell S§ #§£>k im LHX| 500A2J «3«KN. OlttH fig ES £E= 3EI2 

Lfijq 1Ei4ibns/arf?f EIE* Sfe at iS£S 5fe B^EXfl MSjAI^EI HIS S3. 

591 T Sf lg 39 6 WOII :2iCH A1, 

I DCSBF HCls Al-mSm/ g*TA| DCS= 30 LHAT300 sccmg, HCl£ 30 LHAI 200 sccm^S oKH. fif E 
Ss £lfll BJfcs 100 LHXI 300sccm §E *H)|I gBI^DI, 0|tl||°l S*T ST^S 10 LHX| 50 torr §E5 z\ 
W. g=r §ES 750 LHXI 950-cS S>= 21S -OSSS. Sh= BTESI ^7J2J MiHXI^EI »3£ 



g^Sf 8 

III 1 f 5£ XII 6 t^Ofl SiCHAI. 

asoi Ess oairigm aassi*r7i#g'sras ^gsra sinu sias 



6-4 



1 0-03321 07 



xmtta, me e»i ?m ioo vim 3oo S ccm *wi ga^oi- oiling g=r °r^s i torr 

□jPfog sii, g*f 600 LHXI 700-CS ftHz 2§ ±»2| M?HXI^E1 H£ 



391 i i«0fl SiOIAI. 

SlIots 2i* '*aaa an? er=» Maxima wis era. 

xii 1 *w sioui, 

a^I 4S»^/E&ll°l; 2t.^ ««S 9ltJ- OIS SB'S EEMM BF £ ^= BF,./B S| St* 0|£^S2J SEHS 
lb. BFsSJ g| 1ET5 LHXI 3E1Slons/arf°J E?2S 10 LHXI 40KeV°l OtUXIS B°J 3^ 1E15 

UHXI :3E15ions/arf2| E^iS 1 LHPtl 5KeV5J WL+XIS ?fl*^ 2» HS^S «fe B*SH M?H 

fil l *KHI 2JCHAL 

§tHE|= It M9PI0HAI 800 LHXI 950-c°| SEMAI 10 LHXI OTtttf BtSS BS|E|«t£ 2i# 19^' 
SIEill ±7}21 M?HX|^E1 HI 2 WS . 

12 

SB 1 ^CHl Sidl AI , 

g*|S|S % rata NH @9|7|(H1 A) 900 LH73 1050'CEJ SEOIIAI 1 LHXI 30i2J- gxlEISKH, 01 
f il ^ll 30 LHXI 200-cS *fe 2tS 1S2S •te'BTEJl ±W2| SS^I— Ei HI 5 SB. 
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